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INTRODUCTION 
Plant Responses to Unfavorable Environment 
Plants possess physiological and morphological adaptations that 
allow them to survive periods of unfavorable environmental conditions. 
They can respond to unfavorable conditions in three ways (47) . They can 
cease growth and die, they can continue growth, or they can form 
resistant organs or structures that go do~mant. 
Many grasses persist during hot, dry summers due to their ability to 
go dormant (52). There are many definitions of perennial grass summer 
dormancy in the literature . Scarth et al . (40), in 1947, defined 
dormancy as a condition ~f limited growth. Laude (30), in 1953, defined 
summer dormancy as a greatly limited, or the complete cessation of, 
growth brought on by extended periods of summer heat and dryness . 
Whalley and Davidson (52), in 1968, defined dormancy as a cessation of 
growth associated with specific physiological changes and the development 
of structures which enable plants to survive periods of unfavorable 
environmental conditions. Arcioni et al. (1), in 1984, defined dormancy 
as a state in which plant growth is temporarily arrested . Ofir and Kerem 
(38), in 1982, characterized summer dormancy by the development of 
regeneration buds and geophilic storage organs, followed by the 
senescence and death of above-ground parts. 
Laude (30) studied the summer dormancy response of 20 perennial 
grasses in the field at Davis, California. He found that seven species, 
including Poa scabrella [Poa scabrella (Thurb.) Benth . ex Vasey], went 
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dormant in summer even when supplied with adequate water. Laude studied 
Poa scabrella in detail and determined that high temperatures and long 
daylengths were required to bring on the summer dormancy response 
regardless of soil moisture level. Moderating temperatures and available 
water were required to break summer dormancy of Poa scabrella. The 
remaining 13 perennial grass species continued growth as long as water 
was available, and these species would resume growth after a period of 
summer dormancy once water became available. 
Kentucky bluegrass (Poa pratensis L.) is a perennial grass species 
that continues growth in regions where adapted when there is available 
moisture, regardless of daylength and temperature. Prolonged droughts 
bring on the summer dormancy response of Kentucky bluegrass. Droughts 
are usually of a severity to bring on a summer dormancy response only 
during summer months when high ambient temperatures accompany the low 
levels of available soil water. 
Temperature effects 
High ambient temperatures increase the rate of transpiration and 
respiration (29) . This can hasten dehydration and the depletion of plant 
carbohydrates. High temperatures with a radiative load can result in 
stomata closure. This decreases the cooling effect of transpiration and 
increases leaf temperature. Stomatal closure and the subsequent rise in 
leaf temperature decreases the photosynthetic rate, disturbs nitrogen and 
lipid metabolism, and can injure cell membranes (29). 
The optimum temperature for growth of cool-season grasses is 15-24°C 
(4) . Above this temperature range growth declines rapidly, and very high 
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temperatures will severely injure or kill cool-season grasses. Baker and 
Jung (3) found the optimum temperature for shoot growth of Kentucky 
bluegrass to be 2l . 6°C. They found that at 34.8°C Kentucky bluegrass 
produced only one-half the shoot growth as that produced at the optimum 
temperature for growth. There have been many studies on the heat 
tolerance of Kentucky bluegrass (27,35,48,51) and the performance of 
Ken~ucky bluegrass cultivars exposed to high temperatures (17,49,50). 
Julander (27) found that the Kentucky bluegrasses were killed when 
exposed to 16 hours of 48°C. Wehner and Watchske (51) found they could 
completely kill Kentucky bluegrasses at temperatures above 49°C in a 
water bath, and they found in greenhouse and growth chamber screening 
tests that cultivar differences in heat tolerance were small. 
Drought effects 
Kramer (29) defines drought as an environmental stress of sufficient 
duration to produce a plant water deficit, that in turn causes 
disturbances in plant physiological processes. Drought is a 
meteorological and environmental event (33). Plant water deficits always 
accompany drought, but plant water deficits can also occur in the 
presence of apparently adequate soil moisture (29). Environmental 
conditions that can lead to plant water deficits in the presence of 
adequate soil moisture include: high evaporative demand that can be 
caused by wind, low humidity, and high radiative. load, cold or frozen 
soils, high salts in soil solution, poor soil aeration, and root injury. 
Drought induced plant water deficit effects protein metabolism (32). 
Plant water deficits can inactivate some plant enzymes such as nitrate 
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reductase and phosphatase, and it can activate other plant enzymes, such 
as hydrolytic enzymes and some oxidases (32). 
According to Kramer (29) , plants can escape drought, or plants can 
tolerate the effects of drought . Plants that escape drought are annual 
plants that germinate from seed, grow quickly, and produce viable seed 
before the effects of drought are felt. Many desert ephemerals possess 
this drought survival strategy . Annual bluegrass (Poa ~ L.) is an 
example of a turf-type grass with this adaptation. However, much 
variability exists in annual bluegrass. Some phenotypes appear as the 
bunch type, winter annual, true drought escaping types. Others possess a 
spreading growth habit and a perennial life cycle (4). 
Plants can tolerate drought in two ways according to Kramer (29) . 
These plants can postpone, or they can tolerate the effects of 
dehydration. Dehydration postponement involves morphological and 
physiological modifications that reduce transpiration and increase 
absorption. In the grasses, these include adaptations such as decreased 
shoot surface area , increased shoot canopy resistance to 
evapotranspiration, responsive stomata, fewer stomata, smaller stomata 
aperture, deep root systems, and the formation of dormant, vegetative 
reproductive structures (29). Levitt's term "drought avoidance" is 
synonymous to drought postponement (32) . He states that the principal 
adaptation of monocots for reducing water loss is the reduction of shoot 
surface area by leaf folding or rolling, shedding of leaves, and the 
compact form of foliage and crown. Levitt states that the principal 
method to increase absorption is a deep, extensive root system. Levitt 
states that the root to shoot ratio is also important for drought 
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avoidance. Plants with a high root to shoot ratio need less water 
absorbed per unit root area to adequately supply the water needs of the 
shoot system, and the larger root systems of these plants would explore a 
larger soil volume . 
Dehydration tolerance is the ability of a plant to maintain growth 
at low tissue water potentials (29). There are differences in plant 
species in their tolerance to dehydration at the molecular level. Kramer 
postulates that these plant differences are due chiefly to plant 
variation in cell membrane structure and enzyme activity . An example of 
plant dehydration tolerance is through osmotic adjustment . Cell turgor 
is maintained by osmotic adjustment, and cell growth is possible only as 
long as cell turgor is maintained (32) . Osmotic adjustment occurs when 
tissue cell solutes are concentrated to reduce the cell internal water 
potential to a point lower than the soil solution. At that point, soil 
water can flow into the plant down this water potential gradient. 
Osmotic adjustment has been demonstrated in the monocot crop plants corn 
(14), wheat (7), and sorghum (25). And, Nus and Hodges (37) demonstrated 
osmotic adjustment in Kentucky bluegrass. 
Plants can possess more than one type of adaptation to survive the 
dehydrative effects of drought (29). When drought stressed, differences 
between plant species and differences among cultivars or ecotypes within 
a plant species in their survival and performance is probably due to a 
combination of plant adaptations. 
There have been many studies on the tolerance and response of cool-
season turfgrasses to drought (2 , 9,34,43) and the response of Kentucky 
bluegrass cultivars, in particular, to the effects of drought (12,17 ,34 ) . 
6 
These studies show that the Kentucky bluegrass cultivars differ in their 
response to drought stress, and in their ability to recover from drought 
induced dormancy. The cultivars that perform well under unirrigated 
culture in climates where prolonged summer droughts predisposes Kentucky 
bluegrass to summer dormancy must be better adapted to tolerate the 
effects of drought through their inherent drought tolerance mechanisms. 
Kentucky bluegrass cultivars have been documented to differ in many 
shoot morphological and growth characteristics, some of which could have 
an effect on their ability to reduce transpiration. Nittler (36) found 
Kentucky bluegrass cultivars to differ in growth habit, leaf width, leaf 
texture, leaf angle, size of stomata, and number of lateral branches 
formed. Schery (41) found morphological differences in unselected, 
naturalized ecotypes of Kentucky bluegrass in the midwestern United 
States. He found differences in growth habit , leaf width, leaf length, 
and shoot density. 
Variability in rooting characteristics could account for differences 
in soil water absorptive ability . A rapid rate of root elongation, great 
degree of root proliferation, and large root mass are all drought 
tolerance mechanisms because each could aid in dehydration postponement. 
Varieties within monocot field crop species have been shown to vary 
in their rooting characteristics. Differences in the rate of root 
elongation have been documented for wheat varieties (11 , 19) and sorghum 
cultivars (26). Drought-resistant, spring wheat varieties had greater 
early root proliferation (11). 
Studies of root systems have also shown root development variation 
among cultivars of turfgrass species. Differences in root number and 
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root mass among divergent origin germplasm of St. Augustinegrass 
(Stenotaphrum secundatum (Walt.) Kuntze] and zoysiagrass (Zovsia spp.) 
and in root lengths of divergent origin germplasm of St . Augustinegrass , 
zoysiagrass, and buffalograss [Buchloe dactv loides (Nutt.) Engel .] have 
been observed (31). Differences in total root mass produced by three 
bermudagrass (Cvnodon dactylon (L.) Pers.] cultivars ·have been reported 
(6). The more drought tolerant bermudagrass cultivars produced greater 
total root mass, and these drought tolerant bermudagrass cultivars had 
greater total root mass lower in the soil profile. Distinct differences 
in root mass at certain depths of the rooting profile have been recorded 
in field grown red fescue (Festuca rubra L. ) , perennial ryegrass (Lolium 
perenne L. ), and Kentucky bluegrass (5). Of the 22 Kentucky bluegrass 
cultivars in the study, Barkenta and Captan had consistently low root 
mass values, and Merion, Fylking, and Campus had consistently high values 
at the 5-10 em depth of the root profiles . 
Kentucky Bluegrass 
Kentucky bluegrass (Poa pratensis L. ) is native to temperate Eurasia 
(8). It was introduced to this country by early settlers, and its 
inherent ability to rapidly colonize allowed it to spread through much of 
the open areas of temperate North America (16). There is a great 
diversity within the Kentucky bluegrasses . This is due to its natural 
selection over many years and over a wide area subject to much climatic 
variation (41,44). 
Kentucky bluegrass is used extensively in the cool-humid areas of 
8 
the United States (4,45). Its use in warmer, drier portions of the 
country is limited. Kentucky bluegrass can be successfully grown in 
warm, dry areas if proper cultural practices are followed. Irrigation is 
required, and fertilization should be applied so that fall growth is 
maximized and summer stress is minimized (44). Kentucky bluegrass has a 
great variety of uses (4,45). It is used as ground cover and forage 
grass in millions of acres of roadsides, pastures, and open areas. It is 
used as a general purpose turfgrass on lawns, parks, cemeteries, and 
airfields . Kentucky bluegrass is also used as a high-maintenance sports 
turf on golf courses and playing fields for a variety of sporting 
activities. 
Nearly all Kentucky bluegrass cultivars have been developed though 
plant selection rather than through controlled hybridization 
(4,18,41,44). This is because the Kentucky bluegrasses are highly 
apomictic- they produce seed without fusion of the male and female 
gametes . In the early years of cultivar development, plant selections 
were made from naturalized stands of Kentucky bluegrass (15). In the 
1950s and 1960s, there was a push in the turfgrass seed industry to 
develop cultivars more resistant to common problem diseases and more 
tolerant to closer mowing and higher fertility levels (10). For this 
reason many plant selections were made from stands of Kentucky bluegrass 
subject to specific turfgrass maintenance practices . 
Today, the Kentucky bluegrass cultivars can be broadly classified as 
common and improved types. The common-type Kentucky bluegrasses were not 
selected and developed for turf-type characteristics . They were 
developed mainly for high seed production capabilities and early seed 
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maturation (discussion on the origin of common Kentucky bluegrass 
cultivars, 25 Feb. 1989. Dr. Doug Brede, Research Director, Jacklin Seed 
Co . ) . Common Kentucky bluegrasses are characterized by narrow leaf 
blades, upright growth habit, low fertility requirement, and 
susceptibility to Helmithosporium diseases. Improved Kentucky 
bluegrasses were selected and developed for better tutfgrass growth 
characteristics and disease resistance. Improved Kentucky bluegrasses 
are characterized by one or more of the following characteristics: dark 
green color, wide leaves, prostrate growth habit, tolerance to high 
fertility, and good resistance to Helmithosporium leaf spot and crown rot 
(16). 
1980 National Kentucky bluegrass test 
In 1980, the United States Department of Agriculture and the 
Maryland State Turfgrass Council sponsored a National Kentucky bluegrass 
test as part of their National Turfgrass Evaluation Program (46). There 
were 84 cultivars in the test, and each cultivar was sponsored by 
turfgrass breeders and seed companies. Seed from one seed lot for each 
cultivar was distributed to 39 locations throughout the United States and 
Canada. Forty-five trials were established and data were collected from 
1981-1985. The purpose of the National Kentucky bluegrass test was to 
evaluate the sponsored cultivars on a national and local level under 
diverse environmental conditions and cultural intensities . 
There were two trials established at Iowa State University as part 
of the 1981-1985 National Kentucky bluegrass test. The low-maintenance 
trial was established in September 1980. This trial receives a September 
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application of 0.5 kg N 100 m-2 yr-1 and is nonirrigated. The high-
maintenance trial was established in August 1981. This trial receives 
2 kg N 100 m-2 yr-1 and supplemental irrigation as needed. Both areas 
are mowed to 5 em, and each receives annual grass and broadleaf weed 
control. Data taken on these areas include monthly quality ratings and 
Helmithosporium leafspot ratings. 
The data from Iowa State University has shown that the Kentucky 
bluegrass cultivars differed in their relative performance in the two 
trials (20,21,22,23). The cultivars that consistently performed well in 
the low-maintenance cultivar evaluation tended to perform poorly in the 
high-maintenance cultivar evaluation relative to the other cultivars in 
each trial. The Kentucky bluegrass cultivars that performed poorly in 
the low-maintenance cultivar evaluation tended to perform well in the 
high-maintenance cultivar evaluation relative to the other cultivars in 
each trial. All cultivars performed better in the high-maintenance trial 
than in the low-maintenance trial. 
Ten Kentucky bluegrass cultivars were chosen for use in this 
research project. They were chosen based solely on their performance 
from 1981-1986 in the low-maintenance Kentucky bluegrass cultivar 
evaluation at Iowa State University. Five cultivars were chosen that 
consistently perform well in the low-maintenance trial, and five 
cultivars were chosen that consistently perform poorly in the low-
maintenance trial. 
The purpose of this research project was to determine if certain 
morphological and growth characteristics are common to Kentucky bluegrass 
cultivars that consistently perform well, and to cultivars that 
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consistently perform poorly, in the low-maintenance trial at Iowa State 
University . This was accomplished by closely observing the cultivars in 
the field, greenhouse, and laboratory. The cultivars were furthered 
studied in the greenhouse to determine if their root and shoot growth 
characteristics changed when grown under low and high nitrogen (N) 
levels. 
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MATERIALS AND METHODS 
Ten Kentucky bluegrass cultivars were chosen based on their 
performance from 1983 to 1986 in the low-maintenance cultivar evaluation 
at Iowa State University (20,21,22,23). Five cultivars chosen that 
consistently perform well in the low-maintenance trial included K3-162, 
Kenblue, Vantage, South Dakota Common, and S-21. These will be referred 
to as the "low-maintenance" Kentucky bluegrass cultivars. Five cultivars 
chosen that consistently perform poorly in the low-maintenance trial 
included Bonnieblue, Columbia, Lovegreen, A20, and I-13. These cultivars 
will be referred to as the "high-maintenance" Kentucky bluegrass 
cultivars. Field, greenhouse, and microscopic studies were performed on 
these two groups. 
Field Studies 
In the first stage of the investigation, detailed data were collected 
on the 10 cultivars from the low-maintenance Kentucky bluegrass cultivar 
evaluation that had been established in September, 1980. The soil on this 
site is a Nicollet (fine-loamy, mixed mesic , Aquic Hapludoll) with a pH of 
7 . 2, 10 mg kg-1 phosphorus, 80 mg kg-1 potassium, and 23 g kg-1 organic 
matter. This area has received an annual application of 0.5 kg nitrogen 
100 m-2 yr- 1 and is unirrigated. Annual grasses and broadleaf weeds were 
controlled annually with common pre- and postemergence herbicides. 
Data were collected on turf quality ratings, based on turfgrass color 
and percent live tissue cover, on the 15 and 30th of each month± 2 days, 
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from May to October in the 1987 and 1988 growing seasons. The ratings 
were based on a scale of 9 to 1; 9 best, 6 acceptable, and 1 dead or 
completely dormant turfgrass . 
Clipping yields of the 10 cultivars were taken on 1 September, 12 
September, and 15 October 1987 with hand shears modified to catch the 
grass clippings from 580 cm2 of the 2.32 m2 plots . The clippings were 
oven-dried at 80°C for 24 hours and recorded in grams of oven-dried 
clippings m-2 of plot area . 
Greenhouse Studies 
A greenhouse study was initiated to determine the growth and 
morphological characteristics of the 10 cultivars grown under moderate 
fertility and adequate moisture in a climate controlled research 
greenhouse. The growing system was a modification of the system reported 
by Lehman and Engelke (31). 
Four mil, clear polyethylene tubing with 3 . 2 em outside diameter was 
sealed on one end and punctured to provide drainage . Four hundred grams 
of fritted clay (Balcones Absorb-n-Dry) was mixed with 1 . 75 grams of 
Osmocote 14-14-14 fertilizer and poured into each tube. The polyethylene 
tubes were supported by 60-cm, capped, polyvinyl chloride (PVC) pipe, with 
4 . 3 em outside diameter . The PVC pipe was supported across the greenhouse 
bench by a wooden frame and wire fencing. The tubes were vibrated and 
thoroughly leached with distilled water leaving a 60-cm rooting profile. 
Mortite (Mortell Company, P.O. Box 71 550 N. Hobbie Ave . , Kankakee Ill. 
60901) was wrapped around the outside of the polyethylene tube at the top 
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of the PVC pipe to inhibit light penetration. 
Seed of each cultivar was germinated in fritted clay. Individual, 
uniform, 3-week old seedlings were transplanted to the tubes. The tubes 
were arranged in a randomized complete block design with four 
replications across the greenhouse bench. The PVC pipes were angled 30° 
from vertical to force root growth down the lower side ·of the tubes which 
allowed visual monitoring and measurement of root growth. 
The tubes were watered daily with distilled water until each seedling 
was well established. The tubes were then watered weekly to saturation. 
Because of insufficient natural sunlight intensity and duration, high 
pressure sodium lamps were used for supplemental lighting during the last 
four weeks of the experiment. The average light intensity across the 
greenhouse bench was 675 ~Mol sec-1 m-2, and the photoperiod was 14 
hours. The air temperature was maintained at 25 ± 2°C . Data taken weekly 
during the course of the experiment included fresh clipping weights and 
rooting depths. Root depth was measured from the plant crown to the point 
of maximum root penetration. The plants were mowed at 6.4 em, and the 
fresh clipping weights were recorded. 
All plant material was harvested 65 days after the seedlings were 
transplanted into the tubes. At harvest, the final lateral branch number 
and shoot fresh weights were recorded. The polyethylene rooting columns 
were divided into three, 20-cm sections, and the fritted clay was 
carefully and thoroughly washed away from the root tissue. The roots and 
shoots were oven dried at 80°C for 24 hours, and shoot and root dry 
weights were recorded. 
Shoot morphological data were based on an average of at least five 
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representative shoots per tube. This data were taken just before or at 
harvest, and it included leaf width, leaf folding, sheath length, leaf 
angle, and leaf number per shoot. Leaf width was measured at the widest 
point of the most recently emerged, fully developed, unmowed leaf blade. 
Sheath lengths were measured from the crown to the uppermost portion of 
each sheath. Leaf folding data were taken as an overall rating of all 
shoots in each tube just before harvest. The ratings were based on a 
scale of 1 to 5; with 1 being very tightly folded, and 5 being virtually 
flat leaf blades. Leaf angle from horizontal was measured from the 
vertical youngest leaf blade to the next youngest leaf blade. The average 
number of leaves of several representative shoots per tube were also 
recorded. 
The study was conducted three times. The second study was initiated 
in December 1987, and the third study was initiated in January 1988. 
High- pressure sodium lamps were used once seedlings were well established 
in each experiment. A greenhouse cooling system malfunction resulted in 
poor temperature control during the latter portions of the second study, 
and during much of the third study. Afternoon temperatures as high as 
38°C were recorded. Because of · the very warm midday temperatures, th3 
high pressure sodium lamps were used each day only from 6:00 am to 9:00 
am, and again from 5:30 pm to 8:30 pm during the months of March and April 
for each experiment. The second study was harvested at 75 days, and the 
third study was harvested at 70 days, after the seedlings were 
transplanted to the polyethylene tubes. 
Another greenhouse study was initiated in June, 1988 to determine how 
both low and high levels of nitrogen (N) affected the growth 
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characteristics of two low-maintenance and two high-maintenance Kentucky 
bluegrass cultivars. The low-maintenance cultivars included Vantage and 
K3-162, and the high-maintenance cultivars included Bonnieblue and I-13. 
The same polyethylene tube growth system was used for this study. 
The rooting media included 900 g of a fine, washed sand (100% passed 
through a 1.5-mm sieve) per tube. The tubes were vibrated and leached 
with distilled water leaving a rooting profile of 60 em. 
Plant nutrients for this growth system were provided by nutrient 
solutions similar to those described by Pellet and Roberts (39). High N 
(102 ppm) and low N (11 ppm) nutrient solutions were utilized. Each 
contained high phosphorous (P at 25 ppm) and potassium (K at 63 ppm) 
levels, and the recommended amounts of the remaining essential nutrients 
(Table 1). 
Uniform, individual, 4-week old seedlings for each cultivar were 
transplanted to two adjacent tubes per replication in the study. This 
study was conducted in a split plot design, with cultivars as the whole 
plot and N levels as the split plot. One tube for each cultivar was 
saturated daily with the high N, and the other tube for each cultivar was 
saturated daily with the low N nutrient solution in each of the four 
replications of the study. The cultivars were assigned randomly in each 
replication, and the high and low N solutions were also assigned randomly 
to the paired tubes of each cultivar in each replication. No supplemental 
lighting was provided, and greenhouse air temperature was maintained at 27 
± 3°C. 
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Table 1. Concentrations of elements in nutrient solutions 
Element p.p.m 
High nitrogen 102 
Low nitrogen 11 
High phosphorus 25 
Low phosphorus 4 
High potassium 63 
Low potassium 10 
Calcium 104 
Magnesium 19 
Sulfur 72-153 
Iron 1.2 
Boron 0.1 
Manganese 0 . 25 
Zinc 0 . 1 
Copper 0.01 
Molybdenum 0.01 
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Rooting depth data were taken weekly during the course of the 
experiment. Due to the speed at which the roots penetrated the sand 
media, the rooting rate data were presented in number of days for the 
roots to penetrate to the bottom of the rooting tubes. 
The plant material was harvested 105 days after seedlings were 
transplanted. At harvest, the final shoot weights and .lateral branch 
numbers were recorded. The polyethylene rooting columns were divided 
into three, 20-cm sections, and the root tissue was separated from the 
sand media. The roots and shoots were oven-dried at 80°C for 24 hours, 
and shoot and root dry weights were recorded. 
The study was repeated in July, 1988. Plant material from this study 
was harvested 110 days after seedlings were transplanted into the tubes . 
Laboratory studies 
The laboratory data for this investigation included microscopic 
stomata density counts. Adaxial and abaxial stomatal counts were taken 
from samples of the 10 Kentucky bluegrass cultivars taken from the high-
maintenance Kentucky bluegrass cultivar field evaluation at Iowa State 
University. The plant material was harvested on 21 June and again on 19 
July 1988 from the high-maintenance trial. 
Stomatal impressions were made in nitrocellulose using a technique 
reported by Shearman and Beard (42). The plant material used for stomatal 
impressions were uniform, fully expanded, unmowed, most recently emerged 
leaf blades of randomly chosen shoots. The nitrocellulose was painted on 
the leaf blades and left to thoroughly dry. The nitrocellulose layer was 
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peeled from the leaf blade and mounted on slides for microscopic 
observation. 
Stomatal density counts were made at 500 magnifications from the 
midportion of the leaf blades. Five counts were made per leaf blade on 
both the adaxial and abaxial surfaces. Stomatal density counts were made 
from four leaves of separate shoots per cultivar. The -actual leaf area 
observed was 0.126 mm2, and counts were converted to number of stomata 
-2 mm . 
Analysis of data 
Data from each of the experiments within the growth and morphology 
characterization studies, the stomatal density count studies, · and the 
cultivar growth studies under low and high nitrogen (N) levels were 
analyzed separately, and the data from the experiments within each study 
were combined for analysis. The field quality rating data for 1987 and 
1988 were not combined for analysis, and the clipping yield data from the 
low fertility, unirrigated trial were also not combined for analysis. 
Data from all studies were tested for differences among cultivars. 
When significant cultivar differences occurred at the 5% level of 
significance, the cultivar sums of squares was subdivided into single 
degree of freedom contrasts to test for differences between the combined 
means of the low-maintenance versus the high-maintenance cultivars. The 
cultivar sums of squares were further subdivided in the field studies, the 
growth and morphology characterization study, and the stomatal density 
count study to assess the variability both among the low-maintenance and 
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among the high-maintenance cultivars. 
Data from the cultivar growth study under low and high N level were 
also analyzed to determine the effect of the N level, and the 
N * cultivar interaction on the variability within these data. The 
N * cultivar interaction was subdivided to determine if the differences 
between the low-maintenance versus the high-maintenance cultivars changed 
over N level. 
21 
RESULTS 
Field Studies 
Cultivar quality ratings 
During the 1987 growing season, there were no differences between the 
low- and high-maintenance cultivars during May and June (Tables 2 and 3). 
From mid-July through the end of October, the low-maintenance cultivars 
received higher qual ity ratings. The low-maintenance cultivars were also 
rated higher for the average over the entire growing season. 
Differences occurred among the high-maintenance cultivars on July 15 
and July 30. Differences occurred among the low-maintenance cultivars on 
July 15, July 30, August 15, and for the growing seasun average. The 
variability among the low-maintenance cultivars was mostly due to a low 
rating of Vantage, and the variability among the high-maintenance 
cultivars was largely due to a low rating of I-13 relative to the other 
cultivars in the study. 
During the 1988 growing season, the high-maintenance cultivars were 
rated higher on May 15 and June 15 (Tables 4 and 5). The low-maintenance 
cultivars were rated higher on July 30, August 15, and September 15. When 
the data were averaged over the entire growing season, there was no 
difference between the combined means of the low- versus the high-
maintenance cultivars. 
There were differences among the low-maintenance cultivars on June 15 
and July 30, and among the high-maintenance cultivars on July 30 and 
August 15 . Again, the difference among the low-maintenance and among the 
Table 2. Quality rating data from the low fertility, unirrigated cultivar field evaluation-1987 
Rating date 
May June July Aug. fuillb. Oct. Season 
Cultivars 15 30 15 30 15 30 15 30 15 30 15 30 mean 
Ratingt 
Low-maintenance cultivars 
S-21 4. 7 4. 7 4. 7 4.3 5.3 5 . 7 5.7 5.7 5.0 5.7 5.0 5.7 5.2 
S. D. Common 4. 3 4. 7 4. 3 4.0 5.7 6.0 5.7 5.7 6.0 6.0 6 . 3 6.0 5.4 
K3-162 5.3 5.7 5 . 0 4. 3 6.0 6.0 6.0 6.0 6.3 6.0 5.3 6.0 5.7 
Kenblue 3.7 3.6 4.3 4. 3 6.0 6.0 6 . 3 6.3 5.7 6.0 5.3 6.3 5.3 
Vantage 4. 3 4.3 4.3 4.0 4.3 4.3 4.3 4. 7 4. 3 5.0 4.7 5.7 4.5 N N 
Mean 4.5 4.6 4.5 4.2 5.5 5.6 5.6 5.7 5.5 5.7 5.3 5.9 5.2 
High-maintenance cultivars 
I-13 4 . 7 5.3 4.7 4.7 2.7 2.3 2.3 2.3 2 . 7 3.3 3.7 4. 7 3.6 
Bonnieblue 4. 7 5.0 4.7 4.0 4.0 3.7 3.7 3.7 3.3 3.7 4.0 4.0 4 . 0 
A20 3.7 4.0 3.3 3.3 3.7 3.7 3.7 3.3 3.0 3.7 3.7 4.0 3.6 
Columbia 4.0 4 . 0 4.0 4.0 3.7 3.3 3.7 3 . 0 3.7 4.0 3.7 4.0 3.6 
Love green 4. 7 5 . 0 4.7 4.3 4. 3 4.3 3.3 2.7 3.3 4.0 3.7 4.0 4.0 
Mean 4. 3 4.7 4.3 4.1 3.7 3.5 3.3 3.0 3 . 2 3.7 3.7 4.1 3 . 8 
LSD (0.05) 1.1 1.7 1.1 1.3 0.8 0.8 1.1 1.5 2.1 1.4 1.2 1.4 0.6 
tquality rating based on a scale of 9 to 1; 9 =best, 6 = acceptable, 1 - dead or completely 
dormant turf. 
,. 
23 
Table 3. Mean squares from the analysis of the 1987 quality rating data from tt.e low f ertil.ity, unirrigated cultivar field evaluation 
Rating date 
May June July Aug . ~ Oct. Season 
Source df 15 30 15 30 15 30 15 30 15 30 15 30 Average 
---~ ·- · 
Replication 2 3.lo** 2 . 23 0.30 0.23 1. 23* 0.93 2 . 43*"'' ~~. 03* 3.43 2.43* 7 . 23** 7.64** 2.06** 
Cultivar 9 0 . 80 1. 22 0.65 0.38 3.86** s . 2o** s . so*-,~,, 6 . 81** 5.33** 3.69** 2.68** 2. n** 1. 98** 
Contrastt 1 NA~ NA NA NA 24.3o** 34 . 13** 38 . 53**' _') 3 . 33** 38.53** 3o.oo** 19.20** 24.30** 1s.os** 
Among high* 4 NA NA NA NA 1. oo* 1.21* 1. 01 0. 84 0.43 0.26 0.07 0.30 0.15 
Among low§ 4 NA NA NA NA 1.44 ** 1.s3** 1. 74* 1. 11 1. 94 0.57 1.09 0.20 o.ss* 
Pooled error 18 0 .43 0.97 0.37 0.53 0.23 0.27 0.40 0 . 74 1.43 0.66 0.49 0.63 0.14 
Corrected total 29 
* , **significant at the 5% or l % level , respectively. 
tTests for differences between the combined means of the low- versus the high -~aintenance cultivars . 
*, §Tests for diffe-rences among the high-ma:.n tenance and among the low-mainr:e:tc:.r-.c ~ cul :ivars, respectively. 
~NA indicates contrasts and tests among high and among low not performed whE!r·:: ,~ _l :::h·ar differences were nonsignificant. 
t 
}· 
:ri·! 1 i L: 't.1' ;~r' ~"H 
Table 4. Quality rating data from the low fertility, unirrigated cultivar field evaluation-1988 
Rating date-1988 
May June July Aug . ~ Oct. Season 
Cultivars 15 30 15 30 15 30 15 30 15 30 15 30 mean 
Ratingt 
Low-maintenance cultivars 
S-21 2.3 3.3 2.0 1.0 1.0 3.7 3.0 2.3 3.0 3.0 3.0 3.3 2.6 
S. D. Common 2.3 3 . 3 2.0 1.0 1.0 3.7 3.3 3.0 2.7 3.0 3.0 3.3 2.6 
K3-162 2 . 3 4.7 3.0 1.0 1.0 3.7 3.0 2.3 4.0 4 . 0 4.0 4. 3 3.1 
Kenblue 2.3 4.7 2.7 1.0 1.0 4.0 3.3 3.3 3.3 3 . 3 3.3 3.7 3.0 
Vantage 3.7 5.7 4.0 1.0 1.0 5.0 4.0 3.3 4. 3 4.7 4.7 5.7 3.9 N -!> 
Mean 2.6 4. 3 2.7 1.0 1.0 4.0 3.3 2.9 3 . 5 3 . 6 3.6 4.1 3.1 
High-maintenance cultivars 
I-13 4.7 3.3 4.3 1.0 1.0 2.3 2 . 0 1.7 2.0 1.7 1.7 2.3 2 . 3 
Bonnieblue 3.3 4.0 3.7 1.0 1.0 3.3 3.0 2.3 3.3 3.7 4.0 4.3 3.1 
A20 3.3 2.7 3.3 1.0 1.0 4.0 3.3 3.0 3.3 3.3 3.3 3.7 2.9 
Columbia 3.3 4.0 3.7 1.0 1.0 2 . 7 2 . 7 2.3 2.3 2.7 2.7 3.0 2.6 
Love green 3.7 3.3 4.0 1.0 1.0 3.7 3 . 0 2.7 3.3 3 . 7 3.7 4.0 3.1 
Mean 3.6 3.5 3.8 1.0 1.0 3.2 2 . 8 2.4 2.9 3 . 0 3.1 3.5 2.8 
LSD (0.05) 1.4 2.1 1.0 0.0 0.0 1.0 0 . 8 1.0 1.2 2.0 2.2 2.0 0.6 
tquality ratings based on a scale of 9 to 1; 9 =best, 6 = acceptable , and 1 = dead or 
completely dormant turf. 
---
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Table 5. Mean squares from the analysis of the 1988 quality rating data from the low fertility, unirrigated cultivar field evaluation 
Rating date 
May June July Aug. lliL 
Source df 15 30 15 30~ 1511 30 15 30 15 30 
Replication 2 0.53 0.43 0.43 - - 1. 20 1. 23* 0.43 2.03* 3.10 
Cultivar 9 1. 87* 2.37 2.06** - - 1. 61 ** o.8o* 0.85 1. so* 1. 96 
Contrastf 1 8.53** NAft 8.53** - - 4.8o** 2 .13** NA 2.70* NA 
Among highf 4 1.01 NA 0.43 - - 1.44* 0.76* NA 1. 26 NA 
Among low§ 4 0.97 NA 1.13* - - 1.21* 0.50 NA 1.42 NA 
Pooled error 18 0.64 1.49 0.36 0 0 0.35 0.23 0.36 0.48 1. 36 
Corrected total 29 
*, **significant at the 5% or 1% level , respectively. 
fTests for differenc~s between the combined means of the low- versus the high-maintenance cultivars. 
f, §Tests for differences among the high-maintenance and among the low-maintenance cu1tivars, respectively. 
~. #All cultivars completely dormant on 30 June and 15 July 1988. Ratings for all cultivars=1 . 
Oct. 
15 
3.74 
2.07 
NA 
NA 
NA 
1. 59 
ffNA indicates contrasts and tests among high and among low not performed where cultivar differences were nonsignificant. 
Season 
30 average 
-
4.23 o.ss* 
2.45 0.57** 
NA 0.43 
NA 0.36 
NA 0.86** 
1. 38 0.14 
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high-maintenance cultivars was largely due to outlying values for Vantage 
and I-13. In this case, Vantage was rated significantly higher and, 
again, I-13 rated lower than the other cultivars in the study. 
Cultivar clipping yields 
The low-maintenance cultivars produced greater clipping yields on all 
dates (Tables 6 and 7). No significant variation was observed among low-
maintenance or among high-maintenance cultivars in clipping yields. 
Growth and Morphological Characterization Study 
Low- versus high-maintenance cultivars 
Data taken during the course of the experiments showed the low- and 
high-maintenance cultivars consistently differed in rate of root growth 
and in clipping yields (Tables 8 and 9). The low-maintenance cultivars 
rooted to greater depths in the root profile and yielded greater clipping 
weights over all weeks in all experiments. 
The data recorded at harvest showed that the low- and high-
maintenance cultivars differed in many root and shoot growth 
characteristics (Tables 10 and 11) . The low-maintenance cultivars 
produced greater total root mass, and greater root mass in the 0-20 and 
20-40 em sections of the root profile. The high-maintenance cultivars 
yielded a greater percentage of their total root weight in the 0-20 em 
section, and the low-maintenance cultivars yielded a greater percentage of 
their total root weight in the 20-40 em section of the root profile. 
Little root mass was produced in the 40-60 em section of the root profile, 
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Table 6. Clipping yield data from the low-fertility, unirrigated 
: cultivar field evaluation 
Sampling date-1987 
Cultivars Sept. 1 Sept. 12 Oct. 15 
s-21 
S. D. Common 
K3-162 
Kenb1ue 
Vantage 
Mean 
I-13 
Bonnieb1ue 
A20 
Columbia 
Love green 
Mean 
LSD (0.05) 
-----grams dry wt. 
Low-maintenance cu1tivars 
23.0 12 . 3 7.7 
24.5 15.8 10.2 
27.3 17.5 7 . 2 
28.3 17 .7 8.8 
13.5 9 . 7 7 . 2 
23.3 14.6 8.2 
High-maintenance cultivars 
1.1 2 . 8 1.3 
11.5 5.7 3 . 8 
6.2 5.7 2.1 
5.2 3.9 2.4 
11.5 7.0 2 . 1 
7 . 1 5.0 2 .3 
14.8 9.2 4.8 
~­
• 
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Table 7. Mean squares from the analysis of clipping yield data from the 
low-fertility, unirrigated cultivar field evaluation 
Sampling date-1987 
Sources df Sept. 1 Sept. 12 Oct. 15 
-----------grams dry wt. 
m- 2 ________ _ 
Replication 
Cultivars· 
Contrastt 
Among high* 
Among low§ 
Pooled error 
Corrected total 
2 
9 
1 
4 
4 
18 
29 
322* 
292** 
1974** 
66 
95 
74 
201 
97* 
691** 
11 
40 
29 
*, **significant at the 5% or 1% level, respectively. 
tTests for differences between the combined means of the low-
versus the high-maintenance cultivars. 
*· §Tests for differences among the high-maintenance and among 
the low-maintenance cultivars, respectively. 
57** 
32** 
26o** 
3 
5 
8 
t ';. ;•t ·1 • 1 ! 'I : 1' ~1 '!4f·~! I ;f' 
Table 8. Root depth and clipping yield data from the low- and high-maintenance cultivar growth and 
morphological characterization study conducted in the greenhouse 
Max. root depth Clipping yields 
--
Week Week 
Cultivars 3 4 5 6 7 8 9 10 5 6 7 8 9 
mg 
Low-maintenance cultivars 
S-21 120 206 252 286 324 350 376 424 31 50 63 122 96 
S. D. Common 107 156 203 249 295 336 375 428 22 30 57 95 82 
K3-162 99 154 199 252 298 322 370 423 32 48 72 123 98 N 1.0 
Kenblue 102 161 196 232 264 304 348 390 33 45 68 103 88 
Vantage 108 186 234 295 349 388 422 455 59 75 121 218 142 
Mean 107 173 217 263 306 340 378 424 35 50 76 132 101 
High-maintenance cultivars 
I-13 61 82 110 134 172 200 236 307 0 2 3 18 17 
Bonnie blue 105 155 194 237 258 288 314 374 3 11 18 56 65 
A20 85 124 164 213 249 278 327 381 4 8 11 41 58 
Columbia 84 118 162 182 215 239 282 333 6 10 17 60 56 
Love green 88 138 171 215 261 313 373 449 3 12 23 58 73 
Mean 86 123 160 196 231 264 306 378 3 9 14 46 54 
LSD (0.05) 17 35 40 ll4 51 55 59 56 16 20 29 49 36 
*, **significant at the 5% or 1% level, respectively. 
trests for differences between the combined means of the low- versus the high-maintenance cultivars. 
*· §Tests for differences among the high-maintenance and among the low-maint enance cultivars, respectively . 

l 
l 
' r • l : 
' i 
I 
I . 
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Table 11. Mean squares from the analysis of the root and shoot growth data from the low- and high maintenance cultivar growth and 
morphological characterization study conducted in the greenhous~ 
---------------------------------------------------------------------------------------------------------------------------
Percent of t otal 
Root wt. per sections (em) root wt. per s ection (em) Shoot wt. (x 103) Shoot to Shoot dry to 
Lateral root fresh wt. 
Source df 0-20 20-40 40-60 Total 0-20 20-40 40-60 Fresh Dry branch ratio ratio 
mg mg -no.- mg/mg 
Experiment 2 31 333** ' 
10 128** 
' 
478** 9,623 6,oo6** 4,3os** 143.o** 3,145.7** 98.6* 320** 3.3o** o.o9o** 
Rep(Exp.) 9 2,137 541 60* 3,319 65 5 )_ 6.6 151.9 12.5 10 0.45 0.001 
Cultivars 9 14 253** 
' 
4 221** 
' 
127** 34 898** 
' 
507** 40 2** 14. 5* 480.6 62.5 50 1.00* o.oo9** 
Contrastt 1 89 653** 
' 
22 032** 
' 
105 209 335** ' 
2,076** 1,903** 3.8 NA, NA NA 8.4o** o.065** 
Among highf 4 3,700 2,303* 78* 9,306 55o** 35o** 16.5* NA NA NA 0.18 0.004 
Among low§ 4 5,971 1,982* 183** 16,703 100 70 15 . 9* NA NA NA 0.09 0.001 
Exp. * cultivar 18 3 '492* 657 19 6,607 81 68* 4. 6 362.1** 27.6** 3o** 0.30 0.002* 
Pooled error 81 1,948 489 45 3,988 57 3 ~! 6.0 108.9 12.8 14 0.30 0.001 
Corrected total 119 
*, **significant at the 5% or 1% level, respectively. 
tTests for differences between the combined means of the low- versus the h igh-maintena~ce cultivars. 
f, §Tests for differences among the high-maintenance and among the low-maintenance cul tivars, respectively . 
~NA indicates contrasts and tests among high and among low not performed where cultivar differences were nonsignificant. 
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and no differences were found between the low- and high-maintenance 
cultivars in root weight or percentage of the total root weight in this 
section of the profile. The low- and high-maintenance cultivars did not 
differ in shoot final fresh weight, shoot dry weight, and lateral branch 
number. The shoot to root ratio was calculated by dividing the final 
shoot dry weight by the total root dry weight, and low-maintenance 
cultivars were found to have a lower shoot to root ratio. The shoot dry 
weight was divided by the shoot fresh weight, and this ratio indicated 
that the shoot tissue of the low-maintenance cultivars contained less 
moisture. 
Low- and high-maintenance cultivars also differed in all measured 
shoot morphological characteristics (Tables 12 and 13). The low-
maintenance cultivars had narrower leaf blades, more leaf folding, longer 
leaf sheaths, a greater leaf angle from horizontal, and fewer leaves per 
shoot. 
Variation among low- or high-maintenance cultivars 
Data on total root weight, root weight in the 0-20 em section of the 
rooting profile, clipping yields, shoot to root ratio, ratio of shoot dry 
weight to shoot fresh weight, and leaf folding separated clearly into low-
and high-maintenance groups, and little variability was found among the 
cultivars within each group. 
Generally, more variability was found among the high-maintenance 
cultivars than among the low-maintenance cultivars. Data on depth of 
rooting at all dates, root weight in the 20-40 em section of the root 
profile, percentage of total root weight in the 0-20 and 20-40 em sections 
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Table 12. Shoot morphology data from the low- and high-maintenance 
cultivar growth and morphological characterization study 
conducted in the greenhouse 
Leaf 
Sheath Leaves per 
Cultivars Width Foldingt Angle* length shoot 
-mm- -mm- -no.-
Low-maintenance cultivars 
S-21 2.7 2.5 77.8 3.5 3 . 8 
s. D. Common 2.4 2.8 76.2 3.2 3.9 
K3-162 2.4 2.3 77.9 3.3 4.0 
Kenblue 2.3 2.0 75.1 3.2 4.2 
Vantage 3.0 2.7 73.5 3.4 3.9 
Mean 2.5 2.5 76.1 3.3 4.0 
High-maintenance cultivars 
I-13 3.0 4. 3 69.2 2.1 4.3 
Bonnie blue 3.0 3.8 63.3 2 . 7 4. 9 
A20 3.3 3.5 73.3 2.6 4.2 
Columbia 3.0 3.8 64.8 2.7 4.5 
Love green 3.1 3.6 67.6 3.2 5.2 
Mean 3.1 3.8 67.6 2.6 4 . 6 
LSD (0.05) 0.2 0.5 4.0 0.3 0.4 
tLeaf folding based on a scale of 1 to 5; 1 - tightly folded 
and 5 - flat leaf blades. 
*Leaf angle from horizontal measured from vertical youngest leaf 
to next youngest leaf. 
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Table 13. Mean squares from the analysis of the shoot morphology data 
from the low- and high-maintenance cultivar growth and 
morphological characterization study conducted in the 
greenhouse 
Leaf 
Sheath 
Source df Width Folding, Angleff length 
-mm- -mm-
Experiment 2 0.04 2.36* 149* 0. 98** 
Rep(Exp.) 9 0.06 0.95 18 0.46* 
Cultivars 9 1. 45** 7.19** 338** 2.24** 
Contrastt 1 8. 22** 54.68** 2151** 13.2o** 
Among high* 4 0.19* 1.14 184** 1. 62** 
Among low§ 4 1.05** 1. 26 42 0 . 31 
Exp . * cultivar 18 0.06 0.53 26 0.16 
Pooled error . 81 0.04 0.42 25 0.16 
Corrected total 119 
*, **significant at the 5% or 1% level, respectively. 
tTests for differences between the combined means of the low-
versus the high-maintenance cultivars. 
*, §Tests for differences among the high-maintenance and among 
the low-maintenance cultivars, respectively . 
,Leaf folding based on a scale of 1 to 5; 1 ~ tightly folded 
and 5 - flat leaf blades. 
Leaves 
per shoot 
-no.-
3.22** 
0.11 
2 . 37** 
12 . 42** 
2 .u** 
0.30 
0 . 22 
0.20 
#Leaf angle from horizontal measured from vertical youngest leaf 
to next youngest leaf. 
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of the root profile, leaf width, sheath length, leaf angle, and leaves per 
shoot also separated into distinct low- and high-maintenance groups. But, 
some variability within groups was observed. 
The variability among the low-maintenance cultivars was largely due 
to the cultivar Vantage, and the variability among the high-maintenance 
cultivars was due primarily to the cultivars Lovegreen and I-13. Vantage 
produced more root weight in the 20-40 and 40-60 em sections of the root 
profile and had wider leaf blades when compared to the other low-
maintenance cultivars. I-13 had short leaf sheaths, and it had 
consistently low values for maximum root depth during the course of the 
experiments when compared to the other high-maintenance cultivars. I-13 
produced little root mass in the lower sections of the root profile, and 
this resulted in a ·high percentage of the total root mass in the uppermost 
section of the profile relative to the other high-maintenance cultivars. 
Lovegreen had longer leaf sheaths, more leaves per tiller, and produced 
more root mass and a greater percentage of its total root mass in the 20-
40 and 40-60 ern sections of the root profile than did the other high-
maintenance cultivars. 
Stornate Density Count Study 
Low-maintenance cultivars had fewer stomata mm-2 on their abaxial 
leaf blade surface than the high-maintenance cultivars (Tables 14 and 15) . 
There were no differences in the number of stornates mm-2 on the adaxial 
blade surface and in the ratio of the number of abaxial to adaxial 
stomata between low-and high-maintenance cultivars. 
37 
Table 14. Stomate density data from field grown low- and high-
maintenance cultivars 
Cultivars 
S-21 
S. D. Common 
K3-162 
Kenblue 
Vantage 
Mean 
I-13 
Bonnieblue 
A20 
Columbia 
Love green 
Mean 
LSD (0.05) 
Leaf blade surface 
Ratio 
Abaxial Adaxial Abaxial/adaxial 
no. mm -2 
Low-maintenance cultivars 
109 240 0.46 
89 211 0.43 
83 242 0.34 
102 250 0.41 
87 235 0.39 
94 235 0.41 
High-maintenance cultivars 
145 266 0.55 
91 208 0.43 
122 257 0.47 
136 256 0.53 
70 211 0.35 
113 240 0.47 
26 40 0.09 
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Table 15. Mean squares from the analysis of the stomata density data 
from field grown low- and high-maintenance cultivars 
Leaf blade surface 
Ratio 
Source df Abaxial Adaxial Abaxial/adaxial 
no. -2 mm ---
Experiment 1 1,198 1 0.02 
Rep(Exp.) 6 549 600 0.01 
Cultivar 9 4,704** 3,526 0.04 
Contrastt 1 7,106* NA~ NA 
Among highf 4 8 684** 
' 
NA NA 
Among low§ 4 1,984 NA NA 
Exp. * cultivar 9 820 2,626 0.02 
Pooled error 54 667 1,615 0.01 
Corrected total 79 
* **s · · f" h 57. 17. 1 1 · 1 , LgnL Lcant at t e • or eve , respectLve y. 
tTests for differences between the combined means of the low-
versus the high-maintenance cultivars. 
f, §Tests for differences among the high-maintenance and among 
the low-maintenance cultivars, respectively. 
~NA indicates contrast and test among high and among low not performed 
where cultivar differences were nonsignificant. 
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There were no differences among the low-maintenance cultivars, but 
there were differences among the high-maintenance cultivars in stomata 
number mm-2 on the abaxial leaf blade surface. This variability among the 
high-maintenance cultivars accounted for a large portion of the 
variability among all cultivars, and much of this variability was due to 
the high stomata number of I-13 and the low stomata number of Lovegreen. 
Study on the Effect of N Level on Cultivar Shoot and Root Growth 
Variation within the data of this study was mostly due to nitrogen 
(N) levels and cultivar differences (Tables 16,17, and 18). TheN level 
had a substantial effect on shoot and root growth characteristics . 
Cultivars grown under low N rooted faster and produced 'greater root mass 
in the 20-40 em section of the root profile, and had lower shoot to root 
ratios. Cultivars grown under high N produced greater clipping weights, 
shoot fresh and dry weights, and more lateral branches. 
As was observed in the growth and morphological characterization 
study , the combined means of the low-maintenance and high-maintenance 
cultivars over both N levels differed in many root and shoot 
characteristics. Low-maintenance cultivars produced greater clipping 
yields, produced a greater percentage of their total root mass in the 20-. 
40 section of the root profile, and had a lower shoot to root ratio than 
the high-maintenance cultivars. High-maintenance cultivars produced a 
greater percentage of their total root mass in the 0-20 em section of the 
root profile. 
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Table 16. Root and shoot growth characteristics of two low- and two high-
maintenance cultivars when grown under low and high nitrogen (N) 
levels 
Parameter 
Days to max. root depth 
Root wt. per section, mg 
0-20 em 
20-40 em 
40-60 em 
Total root wt., mg 
% total root wt. per section 
0-20 em 
20-40 em 
40-60 em 
Shoot fresh wt., mg 
Shoot dry wt., mg 
Lateral branch no. 
Shoot to root ratio 
Shoot dry to fresh wt ratio 
Clipping wt., mg 
Week 4 
Week 6 
Week 8 
Week 10 
Low-maintenance 
cultivars 
Low N 
52 
91 
43 
25 
159 
58 
27 
15 
1052 
328 
15 
2.10 
0.31 
30 
72 
63 
103 
High N 
60 
89 
37 
20 
146 
61 
26 
13 
2301 
619 
24 
4.31 
0.27 
59 
129 
130 
182 
High-maintenance 
cultivars 
Low N 
72 
98 
38 
16 
152 
65 
28 
10 
1209 
364 
14 
2. 71 
0.30 
15 
40 
36 
67 
High 
85 
76 
22 
11 
109 
68 
22 
11 
2417 
611 
25 
5.74 
0.25 
28 
104 
98 
168 
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Table 17. Means squares from the analysis of the study on the effects of 
nitrogen (N) level on root depth and clipping yield 
characteristics of two low- and two high-maintenance cultivars 
Clipping yield 
Days to max. 
Source df root depth Week 4 Week 6 Week 8 Week 10 
mg 
Experiment 1 5 1 701** ' 
6,400* 4,200* s aoo** 
' 
Cultivars 3 2,895 3,7oo** 7 ooo** ' 
6 4oo** 
' 
14 ooo** 
' 
Contrast 1 NAt a aoo** ' 
12 7oo** 
' 
u aoo**. 
' 
10 3oo** 
' 
Error (a) 3 482 100 200 100 100 
N 1 1,881* 7,4oo* sa aoo** 
' 
66 3oo** 
' 
128 7oo** 
' 
N*cultivar 3 246 300 1,800 1, 600 7,800 
N*contrast 1 NA 800 200 200 1,900 
Error (b) 4 181 500 2,200 1,300 1,300 
Corrected total 63 
*, **significant at the 5% and 1% . level, respectively. 
tNA indicates contrasts not performed when nonsignificant cultivar 
differences . 
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Table 18. Means squares from the analysis of the study on the effect of nitrogen (N) level on root and shoot growth 
characteristics of two low- and two high-maintenance cultivars 
Percent of total root wt. 
Root wt. per section (em) per section (em) Shoot wt. (x 103) Shoot to 
Lateral root 
Source df 0-20 20-40 40-60 Total 0-20 20-40 40-60 Fresh Dry branch ratio 
Shoot dry to 
fresh wt. 
ratio 
mg mg -no.- mg/mg 
Experiment l 1,712* 2,849* 2,316* 20,413* 1049* 159* 3'] 5* 7 501** 
' 
574** 124** 44.90 0.0001 
Cultivars 3 8 168** 
' 910 657 17,129* 442* 159* 104 1,033* 70 62* 7.81* 0.0010 
Contrast 1 186 NA NA 8,213 798* 191* NA 298 NA 1 16.40* NA 
Error (a) 3 98 146 139 1,039 38 7 15 110 12 7 0.65 0.0003 
N 1 2,316 1,969* 276 11' 908 119 117 1 24 14s** 1 1ss** ' ' 
1 sso** 
' 
110.26** 0.0356** 
N*cu1tivar 3 732 519 140 2,957 217 69 61 182 14 8 1. 22 0.0002 
N*contrast 1 NAt NA NA NA 5 20 NA NA NA NA 0.02 NA 
Error (b) 4 1,219 114 52 2,082 49 57 l 8 685 52 23 1.58 0.0001 
Corrected total 63 
*, **significant at the 5% and 1% level, respectively. 
tNA indicates contrasts not performed where cultivar differences were nons :i.gnificant. 
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Little variation occurred within the data of this study due to the 
N * cultivar interaction, and no data exhibited a significant N * low-
maintenance versus high-maintenance cultivar interaction. This indicated 
that the differences between the low-maintenance and high-maintenance 
cultivars did not change when grown under the two N levels. 
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DISCUSSION 
Plant characteristics identified as drought tolerance adaptations 
include root characteristics that increase absorption, shoot 
characteristics that decrease transpiration, and low shoot to root ratios 
(29,32). Deep, extensive root systems are the principle method by which 
monocots increase absorp~ion (32). Shoot characteristics that reduce 
transpiration include decreased shoot surface area, increased shoot 
canopy resistance to evapotranspiration, and few, small, and responsive 
stomata (29) . Shoot characteristics of grasses that function to decrease 
shoot surface area include leaf folding or rolling (32) , few leaves per 
unit area, narrow leaf blade width, low shoot density , and slow leaf 
elongation rate (28). Shoot characteristics of grasses that function to 
increase shoot canopy resistance to evapotranspiration include compact 
growth habit (32), horizontal leaf orientation, and high shoot density 
(28). 
Kentucky bluegrass cultivars have been shown to differ in many shoot 
(36,41) and root growth characteristics (5). Observations from this 
investigation have shown that the differences in many of these 
characteristics separate clearly into low- and high-maintenance groups. 
These differences appear to be real and measurable, and observations and 
data from the field and the nutrient solution greenhouse study show the 
differences appear to be consistent over high and low nitrogen ferti1ity 
levels. 
Data from this investigation showed low-maintenance Kentucky 
bluegrass cultivars rooted faster, and they produced greater root mass and 
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a greater percentage of their total root mass lower in the root profile. 
Low-maintenance cultivars maintained a lower shoot to root ratio. With 
the exception of their rapid rate of leaf elongation, low-maintenance 
cultivars possessed shoot characteristics that reduced their shoot surface 
area. High-maintenance cultivars possessed shoot characteristics that 
increased their canopy resistance to evapotranspiration. · 
Differences in Kentucky bluegrass cultivar growth and morphology on 
the whole plant level may play a more important role in reducing 
transpiration loss than the differences on the cellular level, such as 
stomatal density (13,24). This study showed low-maintenance cultivars had 
fewer stomata on their abaxial leaf blade surface, but much of the 
difference among cultivars in abaxial stomata density was explained by the 
variation among cultivars from the high-maintenance group. 
Variation did occur both among the low-maintenance and high-
maintenance cultivars in some of the data collected during this 
investigation. But, considering the diverse origin and nature of 
Kentucky bluegrass cultivars, some variation among cultivars within each 
maintenance group was to be expected. The high-maintenance cultivar 
Lovegreen was the only cultivar that displayed characteristics of both 
maintenance groups. 
It is probably a combination of many adaptations that allow some 
Kentucky bluegrass cultivars to out perform others when grown under low 
fertility, unirrigated culture. The shoot characteristics known to be 
important drought stress tolerance mechanisms were not common only to the 
low-maintenance cultivars in this study. The root production, root 
distribution, low shoot to root ratio, and low shoot moisture content 
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characteristics were consistently found among the low-maintenance 
cultivars, and these adaptations may best explain the reliable performance 
of these cultivars under low fertility, unirrigated management. 
The ultimate goal of cultivar development programs is to select and 
develop cultivars with desired shoot characteristics that are well 
adapted to a wide range of management conditions and environmental 
stresses. The identification of characteristics common to the low-
maintenance cultivars that have no effect on aesthetics, such as the 
rooting characteristics and shoot to root ratios, may be beneficial for 
the selection and development of improved Kentucky bluegrass cultivars, 
and also for the identification of existing improved Kentucky bluegrass 
cultivars more tolerant to a wide range of management practices and 
environmental conditions. 
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